ABSTRACT: Sixteen Holstein calves were used in a completely randomized design to evaluate effects of dry feed intake and time after feeding on concentration of selected peripheral blood metabolites. Calves entered the study a t 13 (SD = 2.9) d of age and were fed milk replacer (10% of B W twice daily to weaning at 28 (Grain) or 84 (Milk) d and calf starter from 1 (Grain) or 56 (Milk) d. Blood was sampled every 14 d a t 0 and 2 h after the morning feeding and analyzed for P-hydroxybutyrate (PHBA), glucose, nonesterified fatty acids, urea N, L(+1 lactate, and VFA. Blood pHBA and VFA increased with increasing dry feed intake, but particularly at 2 h postfeeding. Molar proportion of VFA as acetate declined and propionate and butyrate increased with increasing feed intake. Glucose at 2 h postfeeding declined after weaning to levels lower than 0-h values. Prefeeding glucose concentrations increased with increasing grain intake. Lactate declined throughout the study without effect of treatment or time after feeding. Data indicate that marked changes occur with increasing grain intake and time after feeding. Increased blood PHBA seems to be a response to alimentary ketogenesis.
Introduction
Development of ruminal function, a consequence of the initiation of dry feed intake, stimulates fundamental changes in nutrients available to the young ruminant. Before weaning, sources of energy and protein are derived mainly from intestinal absorption of milk. After weaning, however, energy is derived primarily from ruminal fermentation and subsequent absorption of VFA.
J. h i m . Sci. 1992 Sci. . 70:1543 Sci. -1549 ified fatty acids (NEFAI, suggested that blood ketone concentrations were a consequence of alimentary ketone production. Because calves were sampled at 2 h postfeeding, it is possible that ketone concentrations were a consequence of feeding; samples taken before feeding may not exhibit similar characteristics.
Our objective was to evaluate effects of nutrient source (grain vs milk feeding) on changes in blood metabolites in young dairy calves when sampled at 0 and 2 h postfeeding.
Materials and Methods
Animal Assignments and Feed Management. Sixteen Holstein heifer calves (13 ISD = 2.91 d of age) were assigned randomly to a completely randomized experimental design with source of nutrients as treatments. Calves were fed calf starter from d 1 of the study and weaned a t 28 d (Grain), or starter beginning a t 56 d and weaning at 84 d (Milk). Calves were left with the dam to 3 d of age, when they were moved to individual hutches (2.18 m diameter) and housed there throughout the experiment. PHBA Williamson and Mellanby, 1965) . A second 2-mL subsample was deproteinated in 4 mL of 8% perchloric acid before analysis of L(+1 lactate (Sigma Chemical, St. Louis, M01. Remaining blood was added to 400 pL of 6 % EDTA and plasma was harvested by centrifugation (3,000 x g1. All tubes were placed on ice and transported to the laboratory by next-day air mail. Analysis of PHBA commenced immediately upon receipt of samples. Plasma was stored at -20°C before analysis for VFA (Quigley et al., 1991b1, urea nitrogen (PUN), NEFA, and glucose as described by Quigley et al. (1991a markedly increased, indicating compensatory gain in these calves. After weaning, however, there was little difference in feed efficiency.
Concentrations of blood metabolites averaged across all days of the study (Table 3) indicated that most blood metabolites were affected by treatment at both 0 and 2 h postfeeding; however, in most cases, there were treatment x day of study interactions (P < .05). Also, the changes from 0 to 2 h postfeeding differed from zero (P < .05), except for L(+) lactate, and were affected by treatment (Table 2) .
Blood PHBA concentrations at 0 and 2 h postfeeding ( Figure 11 were affected both by treatment (P < .10 and P < .01, respectively) and by day of study (P < .01). Before weaning, blood PHBA was generally < .2 mM in all calves. Milk consumption reduced PHBA, and 2 h concentrations in both groups were consistently lower than those at 0 h during the preweaning period. This was likely a consequence of insulin secretion (Kronfeld, 19701 with milk consumption. Blood PHBA also increased a t 98 d, when concentration reached .7 mM a t 2 h postfeeding. Postweaning increases with grain intake were similar to those of calves fed Grain, further suggesting that PHBA was of alimentary origin.
Increased concentration of blood ketones with increasing dry feed intake in young calves has been reported (Quigley et al., 1991a ruminal fermentation of ingested feed, with subsequent metabolism of butyrate to pHBA by ruminal epithelium. Because ruminal epithelium develops the ability to metabolize absorbed butyrate (and to a lesser extent, acetate) from an early age (Walker and Simmonds, 19621, it seems that blood ketones are a function of ruminal butyrate production and absorption. That early-weaned calves tend to have higher proportions of ruminal butyrate (Anderson et al., 19871 further supports the hypothesis that alimentary ketogenesis is responsible for observed blood ketone concentrations.
Concentrations of plasma VFA a t 0 and 2 h postfeeding ranged from .4 to 1.44 mM (Figure 2) and were affected by treatment (P . l o and P e .01, respectively) and day of study (P .01). Plasma VFA in blood of calves on the Grain treatment at 2 h postfeeding increased from 14 to 56 d, when VFA reached 1.44 mM. Thereafter, plasma concentrations declined slightly to the end of the study. Prefeeding VFA concentrations followed a pattern similar to VFA concentrations at 2 h, although increases were less marked. Plasma VFA in calves fed Milk did not increase until significant dry feed was consumed, between 56 and 70 d. By 14 d after weaning (98 d), VFA had increased to levels similar to those in calves fed Grain a t 0 and 2 h postfeeding. Correlations between PHBA and plasma VFA were .43 and .71 at 0 and 2 h postfeeding, respectively.
As expected, acetate made up 90 to 97% of total plasma VFA ( tions of VFA changed with day of study, time after feeding, and treatment. Molar percentage of butyrate increased with increasing feed intake, particularly at 2 h postfeeding. Propionate increased with grain feeding as well, but to a lesser extent than butyrate. Increases in molar percentages of propionate and butyrate were at the expense of acetate, which declined in both groups after weaning.
Concentrations of plasma glucose at 0 and 2 h postfeeding ( Figure 3) were affected by treatment and day of study (P .011. Before weaning, concentrations in both groups a t 2 h were greater than prefeeding values; however, by 14 d after weaning, concentrations declined by .9 to 1.2 mM, then remained lower than prefeeding values to the end of the study. In contrast, plasma glucose at 0 h increased with increasing grain intake (r = .58), to maximum concentration of 5.4 (Grain) and 5.2 (Milk) mM a t 70 and 112 d. Results of the current study support previous results (Quigley et al., 1991a) in calves sampled 2 h after feeding, particularly during the periweaning period.
Concentrations of blood L(+l lactate (Figure 41 at 0 and 2 h postfeeding were unaffected by treatment (P > .05) and declined (P < .011 from 3 mM at 0 d to 1.1 mM by the end of the study. Bartley et al. (19661 reported that plasma lactate was unaffected by developing ruminal function and ranged from 1.8 to 5.8 mM. Increased jugular lactate concentrations at a n early age may be a result of lactate produced in the rumen of preweaned calves (Anderson et al., 19881 and decreased glycolysis by peripheral tissues associated with ruminal development (Howarth et al., 1968) . Elevated initial concentrations of plasma NEFA at 0 and 2 h postfeeding (.27 to .46 mM; Figure 5 ) declined to constant levels by 14 d after weaning in each group. Calves fed the Milk diet maintained higher NEFA concentrations from 42 to 84 d, when calves fed Grain were weaned but calves fed Milk were not. Feeding tended to cause an overall reduction in NEFA concentrations, although the change from 0 to 2 h was not always different from 0 (P > .05). Reduction in NEFA with feeding is consistent with insulin secretion in response to feeding (Trenkle and Kuhlemeier, 1966). Plasma urea N (Figure 6) increased (P c .01) from 7 to 8 mg/dL at 28 d to 13 mg/dL by 2 wk after weaning in each treatment group without effect of time after feeding (P > .051. Plasma urea was related to grain intake (r = .71 and .79 a t 0 and 2 h, respectively), indicating extensive ruminal degradation of dietary protein and carbohydrate, metabolism of absorbed amino acids, and, possibly, urea recycling.
Results reported herein indicate that increasing grain intake and developing ruminal function had a marked effect on all blood metabolites measured, except L(+) lactate. Changes in concentrations of blood metabolites were generally most evident 2 h after feeding, when rapid ruminal fermentation of ingested feed increased production of ruminal VFA with concomitant changes in other blood metabolites. Of particular interest was the increase in blood PHBA. Although levels reported were not as high as those reported previously (Quigley et al., 1991a1, Day of study Figure 6 . Concentration of plasma urea N (PUN) in calves fed diets for early grain consumption (M) or extended milk consumption ( 0 ) at 0 (solid lines) or 2 h (dashed lines) after feeding. Standard error = .7 and .7 at 0 and 2 h, respectively. considerable ketogenesis, low NEFA concentrations and normal concentration of plasma glucose suggest that the contribution of hepatic ketogenesis to total ketone production was minor. Therefore, most ketones were probably a result of ruminal fermentation and alimentary ketogenesis.
Metabolic effects of increasing PHBA with weaning and dry feed intake are not clear. Targowski et al. (1985) reported that 1,3 butanediol (a potent ketogenic agent1 inhibited mitogenic response of lymphocytes in calves when blood PHBA reached approximately 1.2 mM. Calves on the study developed respiratory infections indicative of depressed immune response. Further data are required to determine whether postprandial changes in concentration of blood PHBA in ruminants fed high-grain diets can impair immune response. Finally, use of PHBA as an indicator of overall energy status (Russell, 1984;  Thomas et al., 1988 ) may depend on time after feeding, as our data suggest.
Implications
Rapid development of ruminal function is essential to allow early weaning and rapid growth in young dairy calves. Blood metabolites, particularly 0-hydroxybutyrate and volatile fatty acids, increased rapidly with increasing consumption of calf starter. Samples taken 2 h after feeding showed that consumed calf starter is fermented rapidly in the rumen, leading to large changes in blood metabolite concentrations. Additional research is needed to determine effects, if any, of
